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CRITICAL COMMENT . . .

Designation and Curatorial Management of Type Host Specimens
(Symbiotypes) for New Parasite Species
ABSTRACT: The accurate identification of a host organism is an important component in the taxonomic
recognition of a new species of parasite. Correct identification, curatorial management, and safekeeping of
the host specimen from which a parasite type specimen
is collected is also desirable. We recommend that the
host from which the type of a new parasite species is
described should be designated as a symbiotype.

It has become increasingly clear that the current global
rate of biological extinction far exceeds what would be
expected by chance alone (Anonymous, 1989). This
realization has triggered an international effort to measure more accurately the actual rate of extinction and
to determine whether anything can be done to counter
the trend. One of the startling discoveries of this effort
is that our knowledge of one of the most basic variables
needed to solve the equation, i.e., how many kinds of
extant organisms exist and where they occur, either is
understood poorly or is totally lacking, even for relatively well known regions such as North America. As
a result, there is an urgent call for a substantial increase
in survey and inventory research (Yates and Estes,
1992).
Usually, during field collections of plants or animals,
standard voucher specimens are prepared and sent to
appropriate museums and, in the past, these have been
used primarily for morphological studies. However, in
recent years, a wide array of collateral material such
as karyotypes, frozen tissues for genetic analyses, and
detailed ecological data, now commonly are preserved
for each organism that is collected. One of the goals of
diversity studies is to document the occurrence ofsymbiotic associates; therefore, parasites also are collected
routinely from voucher organisms. A result of our increased awareness and interest in diversity is that the
collection of specimens, and their collateral material,
has preceded the development of standardized procedures and policies designed to facilitate management
of this "data trail" between the final repositories of
both hosts and their parasites. In certain cases, increased activity in field collections and studies of biological diversity have fostered corresponding increases in the descriptions of new taxa of parasites (Schmidt,
1974; Levine, 1988). Museums that house voucher
specimens of hosts have had to compensate for this
increased activity.
A particularly difficult problem involves specimens
used in the formal designation of species. The "type"
provides a standard reference for determining the application ofa scientific name (Articles 61a and 72g of
the International Code of Zoological Nomenclature
[ICZN] [Ride et aI., 1985]). Usually, the nominal taxon
is based on a holotype, an original single specimen, or
1 specimen that has been singled out of a type series
(remaining individuals of the series are called paratypes). In type series where no holotype has been designated (syntypes), a lectotype (the remaining being

called paralectotypes) may be designated, or, in exceptional circumstances where no holotype, lectotype, or
syntype exists due to loss or destruction, a new specimen may be designated the neotype. The importance
of these specimens cannot be overstated. The type is
objective and unchanging, whereas the taxon limits are
subjective and subject to change (Ride et aI., 1985).
The type, therefore, is a taxonomic tool and provides
a reference point for changes in taxonomy (Wiley, 1981).
Only by reference to the type can doubt as to the identity of a nominal species be resolved (Mayr, 1969).
The designation of types in taxa of parasites follows
the standard conventions used for other taxa in zoology. This is true even for taxa such as the coccidia,
which have historically suffered problems because of
poor preservation and hence the designation of a type
(Bandoni and Duszynski, 1988). However, parasites
present an additional component, namely, the parasite
is associated intimately with its host taxon. Therefore,
data on the type (of the parasite) should include the
collection locality (recommendation 72h of the ICZN
[Ride et aI., 1985]), which is the collection locality of
the individual host from which the type specimen was
obtained. Mayr and Ashlock (1991) pointed out that
the range of the host often takes the place of the geographic range of the parasite. The type locality of a
parasite is, therefore, essentially the host and the collection locality of the host from which the parasite was
collected. Thus, when new parasite species are described, not only is a type for the parasite designated,
but information on the host specimen from which the
parasite was taken also is recorded (e.g., Duszynski et
aI., 1982, 1988). The host species is generally referred
to as the "type host" in parasitological literature (e.g.,
Ride et aI., 1985; Gardner and Schmidt, 1986).
Patterns of host-parasite relationships revealed by
studies of phyletic coevolution may indicate strict cospeciation between the 2 symbionts, colonization of
the host by the parasite (host switching or phenomene
de capture, see Chabaud [1957]), or both colonization
and cospeciation (Brooks, 1985; Gardner, 1991). In
the case of strict coevolution between the host and
parasite taxa, the evolution of the parasite is linked to
the evolution and, hence, taxonomy of the host. Thus,
studies of host-parasite coevolution absolutely require
that the host be identified accurately as conclusions
relative to processes of coevolution are meaningless if
the hosts are incorrectly identified. Additionally, Lynch
(1989) suggestedthat sympatric speciation may be more
common than previously thought. Host switching has
been postulated to be an important prerequisite to sympatric speciation in parasites (Bush, 1975). Patterns of
host-switching would remain undetected if hosts were
incorrectly identified and described in the beginning.
Many parasites (e.g., coccidia) are thought to exhibit
a relatively high degree of host specificity. Taxonomic
changes in the host group would require that the host
specimen from which the parasite taxon was described
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be examined to refer the parasite accurately to the correct host taxon. In addition, different species of parasites may parasitize sibling species of hosts (Mayr, 1963).
For example, 2 sibling species of Octopus were distinguished when it was discovered that individuals of the
2 species were parasitized by different species of mesozoan parasites (Pickford and McConnaughey, 1949).
Detection of these morphologically cryptic host species
is increasing rapidly as modem molecular methods are
applied to systematic problems, and even in relatively
well studied areas new taxa are being discovered at a
high rate (e.g., Modi and Lee, 1984; Sullivan et aI.,
1986). Subspecies is likely the taxonomic category most
susceptible to changes in such instances. Because many
parasites form host races (Bush, 1969), it is essential
to retain the host from which a parasite was described
to assure that it will be assigned accurately to the correct host taxon.
Bacterial, viral, protozoan, insect, and helminth parasites are of major economic importance in issues of
human health, veterinary medicine, and wildlife conservation. Wild animal reservoirs of zoonotic diseases
are important not only in developing regions of the
world (e.g., Chagas disease and leishmaniasis in South
America) but in industrialized countries as well (e.g.,
alveolar hydatid disease in Switzerland and Australia
and Lyme disease and babesiosis in the U.S.A.). Only
through accurate documentation of the species of host
from which a parasite is obtained can an understanding
of its evolution, natural history, and zoonotic potential
be gained.
Correct identification and safekeeping of the individual host from which a new species of parasite is
described are extremely important. Scott and Hillis
(1989: 569) noted the "importance of depositing
voucher specimens of parasitological hosts and subjects of physiological studies in institutional museum
collections" when they corrected the identification of
a host from which a new trematode taxon had been
described previously. Article 72g of the ICZN (Ride et
aI., 1985: 147) states that types "are held in trust for
science by all zoologists and by persons responsible for
their safe keeping" and provides several recommendations for their preservation. In accordance, the Museum of Southwestern Biology, The University of New
Mexico, has developed a method for curating zoological type host specimens. We make the following recommendations for designating and curating zoological
host specimens, which largely follow Mayr and Ashlock's (1991) suggestions for curating type specimens
as well as recommendations of the ICZN (Ride et aI.,
1985).
1) A single host specimen from which the type of a
new parasite species (or subspecies) is described should
be referred to as a symbiotype from the Greek "symbio-" meaning to live together.
2) A symbiotype should be designated and preserved for every new parasite species (or subspecies)
described. In some circumstances it is not possible to
preserve the symbiotype as a standard museum voucher specimen (e.g., host is not killed, host is too large).
In these cases, the host could be documented and archived through photographs and/or tissue samples that
can be utilized in genetic analyses (see specific recommendations regarding tissue samples and photographs [Dessauer et aI., 1990]).
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3) Symbiotypes should be deposited in lending collections of public or private institutions where they
will receive perpetual care (yates et aI., 1987). Because
museum personnel may not be exposed to parasitologicalliterature on a regular basis, parasitologists should
alert museum personnel as to any symbiotype held in
the collection.
4) Ideally, symbiotypes might be removed from the
general collection and housed in a separate location
(type case), though this may not always be possible. If
space for a type case is limited, symbiotypes might be
housed in the main collection. A distinctive colored
tag should he selected to label symbiotypes clearly.
Every effort should be made to ensure the safety of
these specimens along with collateral material such as
frozen tissues and karyotypes. The latter should be
labeled in a distinctive fashion to alert users of the
unique status of these samples.
5) A copy of the original publication from which 1
or several symbiotypes was designated should be made
available.
6) The institution that houses the material should
make every effort to make these specimens available
for study by qualified researchers.
7) A list of symbiotypes in the collection should be
published.
8) When first describing a new parasite species (or
subspecies), every effort should be made to designate
a symbiotype. The collection and/or institution in which
the symbiotype is stored should be reported and the
genus, species, identifying numbers (i.e., catalogue, collector, and collateral material), date of collection, and
collection locality of the symbiotype should be reported accurately as appears on the specimen tag.
ACKNOWLEDGMENTS

We thank Mike Ivie, Karl Koopman, and Dave
Schindel for providing comments on an earlier version
of this manuscript. We also give sincere thanks to Dan
Brooks, University of Toronto, Toronto, Ontario; John
O. Corliss, Councillor and member of the International
Commission on Zoological Nomenclature/Professor
Emeritus, University of Maryland/Adjunct Professor,
University of New Mexico; J. K. Frenkel, Professor
Emeritus, University of Kansas School of Medicine
and Adjunct Professor, University of New Mexico; J.
Ralph Lichtenfels, Biosystematic Parasitology Laboratory, USDA, ARS, BARC, Beltsville, Maryland; and
Robin M. Overstreet, Gulf Coast Research, Ocean
Springs, Mississippi, all of whom read the last draft of
our manuscript and gave constructive criticism and
general support to the concept we propose. Finally, we
give special thanks to David W. Reduker (1955-1990),
who collected many of the symbiotypes stored in the
Museum of Southwestern Biology and who was in all
our thoughts when we wrote this paper. Financial support was provided by NSF grant BSR-920617 to T.L.Y.
LITERATURE CITED

ANONYMOUS. 1989. Loss of biological diversity: A
global crisis requiring international solutions. National Science Board, National Science Foundation, Washington, D.C., 19 p.
BANDONI, S. M., AND D. W. DUSZVNSKI. 1988. A plea

932

THE JOURNAL OF PARASITOLOGY, VOL. 78, NO.5, OCTOBER 1992

for improved presentation oftype material for coccidia. Journal of Parasitology 74: 519-523.
BROOKS, D. R. 1985. Historical ecology: A new approach to studying the evolution of ecological associations. Annals of the Missouri Botanical Garden 72: 660-680.
BUSH, G. L. 1969. Sympatric host race formation and
speciation in frugivorous flies of the genus, Rhagoletis (Diptera, Tephritidae). Evolution 23: 237251.
- - - . 1975. Modes of animal speciation. Annual
Review of Ecology and Systematics 6: 339-364.
CHABAUD, A. G. 1957. Specificite parasitaire chez les
nematodes parasites des vertebres. In First symposium on host specificity among parasites ofvertebrates. Institut de Zoologie, Universite de Neuchatel, Neuchatel, p. 230-242.
DESSAUER, H. C., C. J. COLE, AND M. S. HAFNER. 1990.
Collection and storage of tissue. In Molecular systematics, D. M. Hillis and C. Moritz (eds.). Sinauer
Associates, Inc., Sunderland, Massachusetts, 588 p.
DUSZVNSKI, D. W., G. EASTHAM, AND T. L. YATES.
1982. Eimeria from jumping mice (Zapus spp.):
A new species and genetic and geographic features
of Z. hudsonius luteus. Journal of Parasitology 68:
1146-1148.
- - , D. W. REDUKER, AND B. B. PARKER. 1988.
Eimeria from bats of the world. II. A new species
in Tadarida femorosacca from Sonora, Mexico.
Journal of Parasitology 74: 317-321.
GARDNER, S. L. 1991. Phyletic coevolution between
subterranean rodents of the genus Ctenomys (Rodentia: Hystricognathi) and nematodes of the genus Paraspidodera (Heterakoidea: Aspidoderidae)
in the neotropics: Temporal and evolutionary implications. Zoological Journal of the Linnean Society 102: 169-201.
- - - , AND G. D. SCHMIDT. 1986. Two new species
of Litomosoides (Nematoda: Onchocercidae) from
pocket gophers (Rodentia: Geomyidae) in Colorado. Systematic Parasitology 8: 235-242.
LEVINE, N. D. 1988. The protozoan phylum Apicomplexa, Vol. 1. CRC Press, Boca Raton, Florida, p.
1-8.
LYNCH, J. D. 1989. The gauge of speciation: On the
frequencies of modes of speciation. In Speciation
and its consequences, D. Otte and J. A. Endler
(eds.). Sinauer Associates, Inc., Sunderland, Massachusetts, p. 527-553.
MAYR, E. 1963. Animal species and evolution. Belknap Press of Harvard University Press, Cambridge, Massachusetts, 797 p.

- - - . 1969. Principles of systematic zoology. MeGraw-Hill, Inc., New York, New York, 428 p.
- - - , AND P. D. ASHLOCK. 1991. Principles ofsystematic zoology, 2nd ed. McGraw-Hill, New York,
New York, 475 p.
MODI, W. S., AND M. R. LEE. 1984. Systematic implications of chromosomal banding analyses of
populations of Peromyscus truei (Rodentia: Muridae). Proceedings of the Biological Society of
Washington 97: 716-723.
PICKFORD, G. E., AND B. H. MCCONNAUGHEY. 1949.
The Octopus bimaculatus problem: A study in sibling species. Bulletin of Bingham Oceanographic
College, Peabody Museum ofNatural History, Yale
University 12: 1-66.
RIDE, W. D. L., C. W. SABROSKY, G. BERNARDI, AND
R. V. MELVILLE (eds.). 1985. International code
of zoological nomenclature, 3rd. ed. International
Trust for Zoological Nomenclature in association
with British Museum (Natural History), London,
and University ofCalifornia Press, Berkeley, 338 p.
SCHMIDT, G. D. 1974. Acceptance ofthe Henry Baldwin Ward medal. Journal of Parasitology 60: 895896.
SCOTT, N. J., JR., AND D. M. HILLIS. 1989. Correction
ofthe name ofthe host ofthe trematode Lageronia
jimenezi Iruegas-Buentello and Salinas-Lopez
1989. Southwestern Naturalist 34: 569.
SULLIVAN, R. M., D. J. HAFNER, AND T. L. YATES.
1986. Genetics of a contact zone between three
chromosomal forms ofthe grasshopper mouse (genus Onychomys): A reassessment. Journal of
Mammalogy 67: 640-659.
WILEY, E. O. 1981. Phylogenetics: The theory and
practice of phylogenetic systematics. John Wiley
and Sons, Inc., New York, New York, 439 p.
YATES, T. L., W. R. BARBER, AND D. M. ARMSTRONG.
1987. Survey of North American collections of
Recent mammals. Journal of Mammalogy
68(suppl.): 1-76.
- - , AND J. R. ESTES. 1992. Support for biodiversity research at the National Science Foundation. Canadian Biodiversity 1: 16-19.
Jennifer K. Frey, Terry L. Yates, Donald W. Duszynski, William L. Gannon, and Scott L. Gardner*, Museum of Southwestern Biology and Department of Biology, University of New Mexico, Albuquerque, New Mexico
87131; and *Nematology Museum and Department of
Nematology, University of California, Davis, California
95616.

DATE OF PuBLICATION
Volume 78, No. $, was mailed 7 October 1992

